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Matile P, Schellenberg M (1996) The cleavage of pheophorbide a is located in the envelope  of barley gerontoplasts. Plant Physiol Biochem 34: 55‐59.    Matile P, Hörtensteiner S, Thomas H (1999) Chlorophyll degradation. Annu Rev Plant  Physiol Plant Mol Biol 50: 67‐95.    Müller T, Moser S, Ongania K‐H, Pružinská A, Hörtensteiner S, Kraütler B (2006) A  divergent path of chlorophyll breakdown in the model plant Arabidopsis thaliana.  ChemBioChem 7: 40‐42.  Noodén LD, Guiamét JJ, John I (1997) Senescence mechanisms. Physiol Plantarum 101:  746‐753.    Oberhuber M, Berghold J, Breuker K, Hörtensteiner S, Kraütler B (2003) Breakdown of       chlorophyll: a nonenzymatic reaction accounts for the formation of the colorless       “nonﬂuorescent” chlorophyll catabolites. Proc Natl Acad Sci USA 100: 6910–15.   Park S, Yu J, Park J, Li J, Yoo S, Lee N, Lee S, Jeong S, Seo H, Koh H, Jeon J, Park Y, Paek N       (2007) The senescence‐induced staygreen protein regulates chlorophyll        degradation. Plant Cell 19: 1649‐1664.  Pružinská A, Tanner G, Anders I, Roca M, Hörtensteiner S (2003) Chlorophyll breakdown:  pheophorbide a oxygenase is a Rieske‐type iron‐sulfur protein, encoded by the 
accelerated cell death 1 gene. Proc Natl Acad Sci USA 100: 15259‐15264.  Pružinská A, Tanner G, Aubry S, Anders I, Moser S, Müller T, Ongania KH, Kraütler B, Youn  JY, Liljegren SJ, et al (2005) Chlorophyll breakdown in senescent Arabidopsis leaves: characterization of chlorophyll catabolites and of chlorophyll catabolic enzymes involved in the degreening reaction. Plant Physiol 139: 52‐63.  Pružinská A, Anders I, Aubry S, Schenk N, Tapernoux‐Luthi E, Müller T, Kraütler B,  Hörtensteiner S (2007) In vivo participation of red chlorophyll catabolite reductase  in chlorophyll breakdown. Plant Cell 19: 369‐387.     Rodoni S, Mühlecker W, Anderl M, Kraütler B, Moser D, Thomas H, Matile P, Hörtensteiner S  (1997) Chlorophyll breakdown in senescent chloroplasts: cleavage of pheophorbide 
a in two enzymic steps. Plant Physiol 115: 669‐676.    Sakuraba Y, Schelbert S, Park S‐Y, Han S‐H, Lee B‐D, Andres CB, Kessler F, Hörtensteiner S,  Paek N‐C (2012) STAY‐GREEN and chlorophyll catabolic enzymes interact at light‐harvesting complex II for chlorophyll detoxification during leaf senescence in 
Arabidopsis. Plant Cell 24: 507‐518.     
  43 
Sato Y, Morita R, Katsuma S, Nishimura M, Tanaka A, Kusaba M (2009) Two short‐chain  dehydrogenase/reductases, NON‐YELLOW COLORING 1 and NYC1‐LIKE, are required for chlorophyll b and light‐harvesting complex II degradation during senescence in rice. Plant J 57: 120‐131.    Schelbert S, Aubry S, Burla B, Agne B, Kessler F, Krupinska K, Hörtensteiner S (2009)  Pheophytin pheophorbide hydrolase (pheophytinase) is involved in chlorophyll breakdown during leaf senescence in Arabidopsis. Plant Cell 21: 767‐785.  Schenk N, Schelbert S, Kanwischer M, Goldschmidt EE, Dörmann P, Hörtensteiner S (2007)  The chlorophyllases AtCLH1 and AtCLH2 are not essential for senescence‐related chlorophyll breakdown in Arabidopsis thaliana. FEBS Lett 581: 5517‐5525.  Scheumann V, Schoch S, Rudiger W (1999)  Chlorophyll b reduction during senescence of  barley seedlings.  Planta 209: 364‐370.  Stone JM, Walker JC (1995) Plant protein kinase families and signal transduction. Plant  Physiol 108: 451‐457.  Tanaka R, Hirashima M, Satoh S, Tanaka A (2003) The Arabidopsis­accelerated cell death  gene ACD1 is involved in oxygenation pheophorbide a: inhibition of pheophorbide a oxygenase activity does not lead to the “stay‐green” phenotype in Arabidopsis. Plant Cell Physiol 44: 1266‐1274.    Takamiya K, Tsuchiya T, Ohta H (2000) Degradation pathway(s) of chlorophyll: What has  gene cloning revealed? Trends Plant Sci 5: 426‐431.    Thomas H, Howarth CJ (2000) Five ways to stay green. J Exp Bot 51: 329‐337.  Tommasini R, Vogt E, Fromenteau M, Hörtensteiner S, Matile P, Amrhein N, Martinoia E  (1998) An ABC transporter of Arabidopsis thaliana has both glutathione‐conjugate and chlorophyll catabolite transport activity. Plant J 13: 773‐780.    Tsuchiya T, Ohta H, Okawa K, Iwamatsu A, Shimada H, Masuda T, Takamiya K (1999)  Cloning of chlorophyllase, the key enzyme in chlorophyll degradation: finding of a lipase motif and the induction by methyl jasmonate. Proc Natl Acad Sci USA 96: 15362‐15367.    Vincentini F, Hörtensteiner S, Schellenberg M, Thomas H, Matile P (1995) Chlorophyll  breakdown in senescent leaves: identification of the lesion in a stay‐green genotype of Festuca pratensis. New Phyt 129: 247‐252.    Weaver LM, Amasino RM (2001) Senescence is induced in individually darkened  Arabidopsis leaves, but inhibited in whole darkened plants. Plant Physiol 127: 876‐886.    
  44 
Wüthrich KL, Bovet L, Hunziker PE, Donnison IS, Hortensteiner S (2000) Molecular cloning,  functional expression and characterisation of RCC reductase involved in chlorophyll catabolism. Plant J 21: 189‐198.     
  45 
APPENDIX    
   Supplemental Figure 1.  Accumulation of pheophorbide a during senescence.  Experiments described in Figure 3 were repeated, yielding analogous results.  Pheophorbide a levels were similar in all lines at 0 days in darkness.  Concentrations decreased steadily throughout senescence in the PaO‐NP and control lines, whereas in PaO‐P, leaves had accumulated pheophorbide a midway through senescence, to levels 3‐fold higher than those observed at day 0.  Pheophorbide a in the PaO‐P line had decreased by the end of senescence, though final concentrations were still roughly 7‐fold higher than those in all other lines.  This trial confirms what was previously observed, providing further evidence that phosphorylation of PaO at Thr‐404 greatly reduces functionality of the enzyme.    
